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(54) METHOD AND DEVICE FOR APPLYING POROUS COATINGS AND CATHODE FILM OF AN 
ELECTROLYTIC CONDENSER 

(57) A porous layer of titanium is deposited onto an 
aluminium base by vacuum deposition as the film is 
moved continuously. An additional layer of titanium 
nitride is then formed in a nitrogen or ammonia atmos- 
phere. The technical result is a cathode film with the 
most developed possible surface, high corrosion resist- 
ance in electrolytes and low electrical resistance at the 
cathode-electrolyte junction. The device for applying 
porous surfaces on a strip by vacuum deposition com- 
prises a vacuum chamber, a vaporizer, upper and lower 
guide rollers and deflecting rollers for conveying the 
strip. The technical result is the formation on a wide (i.e. 
more than 150 mm) strip of a columnar structure in the 
coating with maximum porosity without fold formation on 
the strip. This result is achieved as a result of the config- 
uration of the working sections, the angle of incidence of 
the vapour stream on the film being 40-60° while the 
angle of incidence at the inlet and outlet from the depo- 
sition area is 0-10°, herringbone-like grooves being pro- 
vided on the cylindrical surfaces of the guide rollers. 

FIB.7 




Primed by Xerox (UK) Business Services 
2.16.7/36 



EP0 905 274A1 

Description 

[0001] This invention relates to technology of electrolytic condensers manufacture, in particular, to a cathode film of 
an aluminium electrolytic condenser, to a method of its manufacture and to devices for applying porous surfaces by vac- 
5 uum deposition on a strip which is moved continuously, the technology allows to obtain the highly porous metal surface 
on the aluminium film. 

[0002] The word "aluminium" shall be interpreted in the description of this invention as the pure aluminium, as well as 
its alloys, and the word "condenser" shall be interpreted as the aluminium electrolytic condenser 
[0003] For reduction of dimensions and weight of condensers it is necessary to increase their specific capacity, and, 
w hence, to increase specific capacity of anode and cathode films. The specific capacity of a condenser is limited by the 
specific capacity of the anode film. The condition Cj< > 1 0 x C a should be satisfied for the condenser and the anode film 
will not differ in the specific capacity more, than on 10%, where: 

Ck is the specific capacity of a cathode, 
15 C a is the specific capacity of an anode. 

[0004] The specific capacity of modern anode films reaches the values of 200-250 mkF/cm 2 at voltage of 6,3. So, the 
specific capacity of a cathode film should be not less than 2000-2500 mkF/cm 2 to enable realization of the anode 
capacity completely. Commercially available cathode films does not satisfy to these requirements. 
20 [0005] Basic means of perfection of cathode film specific characteristics are: 

- increase of the area of a cathode film surface; 

- reduction of losses, arising on a film-electrolyte transition layer due to change of a conductivity mode; 

- increase of corrosion resistance properties of a cathode material in the range of condenser working temperatures 
25 and corresponding increase of specific capacity stability. 

[0006] One of these ways is used, as a rule, in the known technical solutions. For example, increase of the cathode 
specific capacity thanks to increase of the cathode film surface area was disclosed in EPO publication No. 0272926, 
IPC H01G 9/04, 1987. Increase of the cathode capacity by formation on the film of a dielectric coating with high dielec- 
30 trie permeability, or by reduction of dielectric coating thickness is disclosed in Japanese application No. 3-77651 , IPC 
G9/04, 1991. 

[0007] The known technical solutions provide for condenser cathode fOm manufacture by the method of vacuum dep- 
osition of a titanium layer on an aluminium film (base). The surface of the base, as a rule, was previously wet or dry 
etched for the working surface increase. Titanium deposition is made in the atmosphere of inert gases. However, the 
35 titanium of the coating is oxidized at extraction from a vacuum chamber by the air oxygen with formation of a titanium 
oxide layer, that results with the time to filing in the pores and to reduction of the specific capacity. Besides, capacity 
stability is low. 

[0008] Miniaturization of electrolytic condensers requires improvement of its specific parameters, and first of all 
increase of the film specific capacity. An effective way of the specific capacity increase is the increase of the film surface 
40 area. 

[0009] USA patent No. 4546725. IPC C23c 13/10, 1985, discloses a device for porous coating deposition on a strip, 
containing a vaporizer and two rollers made in the form of cylinders and located above the vaporiser in such a way, that 
a part of the strip between rollers is located under a sharp angle to the vaporizer vertical axis. 
[001 0] The angle of incidence of the vapour stream on the film changes in limits 0-80° in the known device. The angle 
45 of condensation being variable, the structure of metal cover on a strip have a fine grain structure with predominantly 
closed microscopic pores, which become filed in when the cover material is oxidized by the air oxygen outside the 
chamber. As a result the cover has a small open porosity, i.e. small surface area, that does not permit to use it as the 
cathode or anode of electrolytic condensers. 

[001 1] A device for applying porous surfaces, which is disclosed in DDR patent DD 205,192, IPC C23c 13/10, 1983, 
so may be considered as the nearest to this invention by its technical essence, it contains a vaporizer, guide and deflecting 
rollers which are manufactured in the form of cooled cylinders and located above the vaporizer in such a way that the 
strip bending around the rollers forms a polygonal line having sections (sites of applying) between the directing rollers. 
[0012] The known device permits to receive a porous coating on the strip, however the inclined condensation of a 
vaporized material on the strip does not provide a strong bond between the coating and the substrata, as well as 
55 between particles in the coating, because of influence of such factors as the air, impurities and pollution adsorbed on 
the strip, the shadow effect, temperature insufficient for thermal activation, and so on. These factors are typical for a 
coating deposition on a substrata under the sharp angle. They reduce processes of activation and chemical interaction 
which are necessary for obtaining the strong chemical bonds between atoms. Besides, the cold strip gets into the high 
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temperature zone in sections between the lower guide rollers, where its intensive heating occurs. Thus free linear tem- 
perature expansion of the strip along the guide rollers is prevented by significant forces of friction between the strip and 
the rollers. The force of friction is determined by the contact area of the rollers and the strip, by increased friction factor 
in the vacuum and by film tension at rewinding. As a result, the strip rigidity is not enough for self-flattening (it is advis- 
5 able economically to manufacture condenser film from aluminium film of thickness less than 50 mkm and width not less 
than 200 mm), and creases are formed on the strip. 
[001 3] Thus the known technical solutions have common disadvantages: 

- the low porosity, and 

10 - the creases formation on the strip. 

[001 4] This invention eliminates afore mentioned disadvantages. 
[001 5] The following problems form an invention basis: 

is - application of porous coating on a strip, wherein a change of the trajectory of the strip movement above a vaporizer 
would allow to receive a columnar structure in the coating with maximum opened porosity and with good adhesion 
of porous coating with the strip; 

- prevention of creases formation on the strip having the width more than 150 mm. 

20 [0016] A technical result of this invention is the manufacture of columnar structure coating with maximally opened 
porosity, good adhesion of porous coating with the strip and prevention of creases formation. 
[001 7] At manufacture of condenser films by deposition the rectifying metals porous coating on both sides of the film, 
the maximum coating surface area can be achieved by formation on the film of columnar structure having maximally 
opened porosity. The columnar structure coating of elongated crystalline grains and of crystalline blocks (dendrites), 

25 separated by pores in the form of branched channels network with predominantly opened outward exits, can be manu- 
factured on an aluminium film, if certain process parameters will be observed. There is, first of all, the condensation 
temperature which should be within the limits of 0,25-0,50 of the vaporized material melting point, and the angle of inci- 
dence of a vapour stream on a film (the angle between the straight line, connecting the vaporizer centre with any point 
on the film, and the normal to the film in this point), which should make 50±10°. 

30 [001 8] Therefore additional technical result of this invention is the manufacture of a cathode film with the most devel- 
oped possible surface, high corrosion resistance in electrolytes and low electrical resistance at the cathode-electrolyte 
junction. 

[001 9] The technical result is reached at manufacture of an electrolytic condenser cathode film, containing: 

35 - a porous titanium layer on an aluminium film surface (a base), including crystalline grains and crystalline blocks 
(dendrites) of average height not more than 2 mkm with bulges and hollows surrounded by pores in the form of 
branched channels network with predominantly opened outward exits: 

- a titanium nitride layer in the form of leaky aggregated grains with bulges and hollows on their surface. 

40 [0020] Thus the thickness of the titanium porous layer on the aluminium film surface makes, on the average, 0,5-5,0 
mkm, the total porosity - 25-50 %, and the bulges and hollows on the crystalline grains and crystalline blocks of the tita- 
nium porous layer have height, on the average, of 0,01-1,00 mkm. 

[0021] The thickness of the titanium nitride layer makes, on the average, 0,05-3,00 mkm, thus the titanium nitride 
grains have the sizes, on the average, 0,01-1,00 mkm, and the bulges and hollows on the grains have the height, on the 

45 average, of 0,005-0,5 mkm. Such structure on the base surface can be manufactured by consistently forming on the 
surface a titanium porous layer at first, and then covering the layer by a titanium nitride layer. The titanium porous layer 
on an aluminium film can be manufactured by means of a titanium electron beam evaporation from a vaporizer and the 
subsequent condensation of the vapour flow on the film which continuously moved above the vaporizer at the distance 
300 to 700 mm, at the angle of incidence of the vapour stream on the film of 50±1 0°, speed of condensation of the tita- 

50 nium vapour flow on the film of 0, 1 -1 ,0 mkm/sec, the vacuum chamber pressure of 0,01 -0,50 Pa and the condensation 
temperature of 300-550 °C. The titanium nitride layer can be formed on the titanium porous layer surface by a method 
of titanium electron beam evaporation in a nitrogen or ammonia atmosphere under pressure of 0,01-0,50 Pa and sub- 
sequent condensation on the titanium porous layer while the base is continuously moved above the vaporizer. It can be 
formed also by the method of titanium target cathode sputtering (by electric arcing, plasma arcing, ion-plasma and 

55 other) in a nitrogen or ammonia atmosphere under pressure of 0,01 -1 .00 Pa and subsequent condensation on the tita- 
nium layer while the base is continuously moved near the titanium target. 
[0022] Essence of the invention will be clarified by drawings, where: 



3 



EP0S05 274A1 



Fig.1 ia a cross section of a titanium porous layer on an aluminium film (a base); 
Fig.2 is a cross section of one of the crystals in Fig.1; 

Fig.3 is a cross section of a titanium porous layer with a titanium nitride porous layer deposited on it; 
Fig.4 is a cross section of one of the crystals from Fig.3 with the deposited titanium nitride layer in the form of 
5 grains; 

Fig.5 shows a microphotograph of the cathode film surface; and 
Fig.6 shows a microphotograph of the cathode film cross section. 

[0023] The cathode film contains an aluminium film (a base) 1 with a titanium porous layer 2 deposited on it (see 
w Fig. 1). The aluminium film of a purity not less than 98 % of Al shall be used as the base 1 for cathode film manufacture. 
Thickness of the base 1 makes 10-30 mkm. Use of the film of thickness less than 10 mkm is limited by its mechanical 
strength, and use of the film of thickness more than 30 mkm is economically unadvisable. The titanium porous layer 2 
includes crystalline grains 3 and crystalline blocks (see Fig.1 and Fig.5), having dendrite (columnar) structure which is 
shown in Fig.2; they are extended predominantly in the direction to a vaporizer. The dendrite height H should not 
15 exceed 2 mkm, because the crystalline will be spilled at the largest height. Crystalline grains 3 and crystalline blocks 4 
are separated by pores 5 in the form of branched channels network (see Fig.5). Thus, part of the pores, naturally, are 
the closed ones; they are formed due to a shadow effect However the most part of pores 5 of titanium porous layer 2 
has predominantly opened outward exits. Trie thickness of titanium porous layer 5 makes, on the average, 0,5-5 mkm. 
A coating on the aluminium film will not be continuous, if its thickness is less than 0,5 mkm. The titanium layer will be 
20 split under influence of internal stresses (the recommended coating thickness is not higher than 15 % of the substrata 
thickness) or under influence of bending stresses at a film rewind, if the coating thickness is higher than 5 mkm. Besides 
the closed porosity increases sharply, and the opened porosity decreases. 

[0024] The surface of crystalline grains 3 and crystalline blocks 4, as well as internal surface of pores 5 is covered by 
bulges 6 and hollows 7 (see Fig. 2). These bulges and hollows will form a honeycombed structure in the surface of trta- 

25 nium layer 2, increasing the total porosity. The height of bulges 6 and hollows 7 of the titanium layer 2 determines the 
height of bulges 10 and hollows 1 1 of the titanium nitride layer 8 (see Fig.3 and Fig.4), and consequently the porosity 
of the titanium nitride layer 8. The porosity of the titanium nitride layer 8 decreases if the height of bulges 6 and hollows 
7 will be less than 0,01 mkm, and the porosity increases only slightly, if the height will be more than 1 mkm. The recom- 
mended height of bulges and hollows in the crystalline grains and crystalline blocks of the titanium porous layer lies in 

30 the range of 0,01-1 mkm. 

[0025] The total porosity of the titanium layer makes 25-30 per cent, and the pores are predominantly opened, that is 
a condition of manufacture of the titanium nitride porous layer. Titanium evaporates well, it has excellent adhesion prop- 
erties, if is corrosion and thermal resistant it is compatible with the aluminium as to the electrochemical potential. How- 
ever the titanium high specific electrical resistance, its easy oxidation at evaporation accompanied by the formation of 

35 a number of non- equilibrum oxides, requires the deposition onto the titanium porous layer of additional coating. 

[0026] A titanium porous layer on an aluminium film (a base) is formed by the titanium vacuum electron beam evap- 
oration method from a vaporizer (the method of water-cooled crucible) and the subsequent condensation of a vapour 
stream on the film, while the base is continuously moved above the vaporizer. The condensation temperature equal to 
0.2-0,5 of the evaporated material melting point and the vacuum chamber pressure of not below 0,01 Pa is recom- 

40 mended for the columnar structure with maximum opened porosity manufacture. The higher condensation temperature, 
the thicker and more aggregated dendrites. The higher pressure, the less aggregated dendrites and the less coating 
density. Therefore, the titanium condensation temperature in the range of 300-500 °C, the pressure of 0,01-0,50 Pa, the 
condensation speed of 0,1 -1 ,0 mkm/sec at the angle of incidence of the titanium vapour stream on the film of 50±1 0° 
and the distance between the vaporizer and the substrata of 300 to 700 mm are recommended. A fine grained, sub- 

45 microporous titanium coating structure with predominantly filed in porosity is formed on the substrata, if the condensa- 
tion temperature is below than 300 °C. If the temperature is higher than 550 °C, approaching to the aluminium base 
melting point, the film loses the metal strength. If the chamber pressure is below 0,01 Pa, the condensation temperature 
will grow and the coating structure will change. If the chamber pressure is higher than 0,5 Pa, the condensation speed 
will reduce essentially and the porosity will decrease. At the condensation speed less than 0,1 mkm/sec, productivity of 

so the coating application is insufficient, while the realization of titanium condensation speed on the aluminium film which 
is higher than 1 ,0 mkm/sec is technically difficult. If the angle of incidence of the titanium vapour stream on the base is 
less than 40° and more than 70°, the cover porosity decreases. At the distance between the vaporizer and the substrata 
less than 300 mm the film will overheat, and more than 500 mm the efficiency of process will decrease. 
[0027] The titanium nitride layer 8 is deposited on the titanium porous layer 2 (see Fig.3). The titanium nitride layer 8 

55 is composed from leaky aggregated grains 9 (see Fig.4) of size b which is, on the average, 0,01 -1 mkm. The titanium 
nitride layer thickness h makes, on the average, 0,05-3 mkm. if the titanium nitride layer thickness is less than 0,05 
mkm, and size of the grains is less than 0,01 mkm, it will be difficult to obtain the coating continuity. If the thickness of 
the layer is more than 3 mkm or the titanium nitride grains size is more than 1 mkm, the cover porosity will decrease 
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and the strength properties are worsened. There are bulges 10 and hollows 1 1 on grains 9 of titanium nitride layer 8, 
average in height of 0,05-0,5 mkm, which increase an actual surface of the cathode film. If the size of bulges and hol- 
lows is less than 0,005 mkm, the wetting conditions of the surface by an electrolyte are worsened. If the bulges height 
is more than 0,5 mkm, the bulges peaks will spoil and the coating will discontinue. 

5 [0028] A titanium nitride layer on a titanium porous layer surface can be formed by methods of thin film vacuum appli- 
cation, namely, by deposition methods or sputtering methods. In the first case the formation of the titanium nitride film 
occurs in the process of titanium evaporation and subsequent condensation from the vapour phase on a continuously 
moving aluminium film having titanium porous layer, at a nitrogen or ammonia leakage. Thus nitrogen is restrictively dis- 
solved in titanium; it forms a system characterized by peritectick reaction and the titanium nitride second phase. If the 

10 nitrogen or ammonia pressure is less than 0,01 Pa, the titanium nitride will be non- stoichiometric because of the small 
nitrogen concentration, and consequently it will be unstable; if the pressure is higher than 0,5 Pa, the speed of the layer 
deposition will be essentially reduced and the porosity will decrease. 

[0029] The other recommended variant of titanium nitride film formation on a titanium porous layer of an aluminium 
film consists in a cathode sputtering of a titanium target in the nitrogen or ammonia atmosphere under the pressure of 

is 0,01-1 ,0 Pa with deposition on the base which is continuously moved near the titanium target. As a particular method 
of the cathode sputtering, the electric arcing, plasma arcing, or ion-plasma methods are recommended. 
[0030] If, at the titanium nitride layer deposition, the pressure of nitrogen or ammonia is below or higher than the rec- 
ommended range, the inter-electrode gas will be ionized weakly and the sputtering process can be broken down. 
[0031] The use of the titanium nitride as a working layer of an electrolytic condenser cathode film is stipulated first of 

20 all by the good electro- and physical properties of the titanium nitride thin layers. The titanium nitride, being deposited 
on the titanium porous underlayer of the aluminium base, is characterized by the developed surface, good electrical and 
thermal conductivity, heat stability, excellent corrosion stability in electrolytes used in condensers, and by high adhesion 
to a substrata. 

[0032] As a result, the specific cathode film capacity reaches the value of 2000-3000 mkF/cm 2 , when titanium nitride 
25 is deposited on both sides of the aluminium film. The microphotograph of a surface and section of such film are pre- 
sented in Fig.5 and Fig.6. 

[0033] Particular modes of implementation of the invention follows: 
Example 1 

30 

[0034] The titanium porous layer was deposited by the method of titanium electron beam evaporation in a vacuum 
chamber from a water cooled copper crucible (vaporizer) on an aluminium film (a base) of 20 mkm thickness and of 99,7 
per cent purity, and subsequent condensation of the vapour stream on the base both sides. Thus the film was continu- 
ously moved above the vaporizer with the speed of 8,5 m/min, rewinding from one roll to the other in such a manner 
35 that the angle of incidence of the titanium vapour stream on the film had the value of 40-70°, and the distance to the 
vaporizer - of 300 to 700 mm. The vacuum chamber pressure was maintained on the level of 0,5 Pa. The condensation 
speed was - of 300 °C. 

[0035] The titanium porous layer deposited on both sides of the aluminium film in the afore mentioned manufacture 
conditions has the thickness of 0,5 mkm. It includes crystalline grains and crystalline blocks in the form of dendrites with 
40 average height of 0,3 mkm and bulges and hollows on the dendrites with average height of 0,1 mkm, and pores in a 
form of channels, bordering dendrites and having predominantly opened outward exits. The total porosity of the layer 
has made 25 per cent 

[0036] Then, a titanium nitride layer was deposited in the vacuum chamber on the aluminium film covered on both 
sides by the porous titanium by the method of titanium target sputtering in the nitrogen atmosphere under the pressure 
45 of 0.01 Pa and subsequent sedimentation on the titanium porous layer surface. The aluminium film is continuously 
moved near the titanium target at the distance of 100 mm with the speed of 0,2 M/min. 

[0037] Two targets were used for deposition of titanium nitride on both sides of the film. As a result, the titanium nitride 
layer (on both sides of the film) was obtained, having the thickness of 0,05 mkm, average size of leaky aggregated 
grains of 0,01 mkm, and bulges and hollows on them in height, on the average, of 0,005 mkm. 

so 

Example 2 

[0038] A titanium porous layer was deposited by the titanium electron beam evaporation method in a vacuum chamber 
from a water cooled copper crucible (a vaporizer) on an aluminium film (a base) of 30 mkm thickness and of 99,3 per 
55 cent purity, and subsequent condensation of a vapour stream on the base both sides. Thus the film was continuously 
moved above the vaporizer with the speed of 7,0 m/min, rewinding from one roll to the other in such a manner that the 
angle of incidence of the titanium vapour stream on the film had the value of 40-70°, and the distance to the vaporizer 
- of 300 to 700 mm. The vacuum chamber pressure was maintained on the level of 0,15 Pa. The condensation speed 
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was of 0,45 mkm/sec, and the condensation temperature - of 420 °C. The titanium porous layer deposited on both sides 
of the aluminium film in the afore mentioned manufacture conditions has the thickness of 3,0 mkm. It includes crystalline 
grains and crystalline blocks in the form of dendrites with average height of 1,8 mkm and bulges and hollows on the 
dendrites with average height of 0,3 mkm, and pores in a form of channels, bordering dendrites and having predomi- 
5 nantiy opened outward exits. The total porosity of the layer has made 50 per cent. Then, a titanium nitride layer was 
deposited in the vacuum chamber on the aluminium film coated on both sides by the porous titanium by a method of 
titanium electron beam evaporation in the ammonia atmosphere under a pressure of 0.15 Pa and subsequent conden- 
sation on the titanium porous layer surface. The aluminium film is continuously moved above the vaporizer with a speed 
of 7,0 Wmin. 

w [0039] As a result, the titanium nitride layer (on both sides of the film) was obtained, having the thickness of 2,0 mkm, 
average size of leaky aggregated grains of 0,5 mkm, and bulges and hollows on them in height, on the average, of 0,15 
mkm. 

Example 3 

15 

[0040] A titanium porous layer was deposited by the titanium electron beam evaporation method in a vacuum chamber 
from a water cooled copper crucible (a vaporizer) on an aluminium film (a base) of 30 mkm thickness and of 98,0 per 
cent purity, and subsequent condensation of the vapour stream on the base both sides. Thus the film was continuously 
moved above the vaporizer with a speed of 8.5 m/min, rewinding from one roll to the other in such a manner that the 
20 angle of incidence of the titanium vapour stream on the film had the value of 50±1 0°, and the distance to the vaporizer 
- of 300 to 700 mm. The vacuum chamber pressure was maintained on the level of 0,01 Pa. The condensation speed 
was of 1 ,0 mkm/sec, and the condensation temperature - of 530 °C. 

[0041 ] The titanium porous layer deposited on both sides of the aluminium film in the afore mentioned manufacturing 
conditions has the thickness of 5,0 mkm. It includes crystalline grains and crystalline blocks in the form of dendrites with 
25 average height of 2,0 mkm and bulges and hollows on the dendrites with average height of 1 ,0 mkm, and pores in a 
form of channels, bordering dendrites and having predominantly opened outward exits. The total porosity of the layer 
has made 37 per cent. 

[0042] Then, a titanium nitride layer was deposited in the vacuum chamber on the aluminium film covered on both 
sides by the porous titanium by the plasma arcing method of titanium target sputtering in the nitrogen atmosphere under 
30 the pressure of 1 Pa and subsequent condensation on the titanium porous layer surface. The aluminium film is contin- 
uously moved near the titanium target at a distance of 50 mm with a speed of 0,5 m/min. Two targets were used for dep- 
osition of titanium nitride on both sides of the film. 

[0043] As a result, the titanium nitride layer (on both sides of the film) was obtained, having the thickness of 3,0 mkm, 
average size of leaky aggregated grains of 1 ,0 mkm, and bulges and hollows on them in height, on the average, of 0,5 
35 mkm. 

[0044] Capacity of cathode film samples manufactured as in examples 1 to 3 was measured in 10 per cent solution 
of ammonium adipate having the specific resistance of 15 ohm/cm at the temperature of 30 °C and the frequency of 
100 Hz. Results of the measurements in comparison with analogue are given in the following table. 
[0045] For determination of specific capacity stability the cathode film was tested on hydration by boiling in the deion- 
40 ized water during 6 hours. 

[0046] The use of the cathode film and the method of its preparation in the electrolytic condenser manufacture will 
allow to reduce consumption of a cathode and anode, a condenser paper, to diminish dimensions and weight of con- 
densers, to increase their specific electrical characteristics. 

45 

Table 



: no. 


j Method of manufacture 


Rim thickness (mkm) 


Specific capacity ; 
mkF/cm 2 ; 


; 1 


Example 1 


20 


1300 ; 


: 2 


Example 2 


30 


2600 : 


: 3 


Example 3 


30 


1900 : 


: 4 


European patent application No.0272926 


40 


1250 ; 



[0047] A device, serving for the porous coating increase, contains a vaporizer, guide (the upper and lover) rollers, and 
deflecting rollers which are manufactured in the form of cooled cylinders and located above the vaporizer in such a way 



6 



EP0S05 274A1 



that the strip bending around the rollers forms a polygonal line having sections (sites of applying) between the guide 
rollers. The film sections between the upper guide rollers are located over the vaporizer in such a way that a straight 
line connecting the vaporizer centre and any point of any of these sections makes an angle of 40-60° with the normal 
to the given section in this point. The film sections between the lover guide rollers are located above the vaporizer in 
5 such a way that a straight line connecting the vaporizer centre and any point of any of these sections makes an angle 
of 0-10° with the normal to the given section in this point The lover guide rollers are provided by a herringbone-like 
grooves on the cylindrical surface of the rollers. 

[0048] Layout of the rollers provides for a technical result - an increase of the porous film cover surface can be 
achieved thanks to formation of columnar structure having the maximally opened porosity and good adhesion of the 

10 coating to the film. The rollers are manufactured in the form of cooled cylinders and located above the vaporizer in such 
a way that the strip moves along a particular polygonal trajectory. Thus the angle of condensation of the metal vapour 
stream from the vaporizer makes 0- 1 0°. In these conditions the condensation temperature makes more than 0,5 of the 
evaporated material melting point, processes of thermal activation and chemical interaction between atoms of cover 
and substrata are active on the film, and the strong chemical connections are established between the atoms, that pro- 

15 vides good adhesion of the cover to the film. A thin adhesion underlayer is deposited on these sections of the film. The 
film sections between the upper guide rollers are located in such a way that the vapour stream is condensed on the 
adhesion underlayer under the sharp angle of 40-60°. The condensation temperature makes 0,25-0,5 of the evaporated 
material melting point, that in a combination to inclined condensation provides for the manufacture of highly porous 
layer of a columnar structure of elongated crystalline (dendrites), surrounded by pores in the form of branched channels 

20 network with predominantly opened outward exits. A highly porous cover layer can be subsequently manufactured on 
these sections having the required thickness and the maximum surface area. 

[0049] A layout of the lower guide rollers located above the vaporizer in the zone of direct condensation of the metal 
vapour stream on the strip prevents the creases formation on the wide strip. The manufacture of these rollers with the 
herringbone-like grooves on the cylindrical surface permits to flatten the strip from a middle to edges for the account of 
25 the strip tension force component occurring at a rewind of the strip and directed from the centre to the periphery of the 
herringbone-like grooves. 

[0050] Work of the device will be clarified with references to Fig.7 and Fig.8. 

[0051] A diagram of a device for both sides application of porous coating on a continuously moved strip is shown in 
Fig.7. Two lower rollers with herringbone-like grooves on the cylindrical surfaces are shown in two projections in Fig.8. 

30 [0052] The device (see Fig.7) contains a vacuum chamber (not shown on the diagram), a vaporizer 9, upper guide 
rollers 10,lower guide rollers 11, deflecting rollers 12, a reel-out shaft 13, a reel-up shaft 14 and rollers 15. The guide 
rollers 10, 1 1 and deflecting rollers 12 are made in the form of cooled cylinders and are installed above the vaporizer 9. 
The strip 17, bending around the guide rollers 10, 11 and deflecting rollers 12, forms a polygonal line, including strip 
sections 1 7, 1 8, 19, 20 and sections 21 , 22, 23 and 24; last sections are symmetric to the first in respect of the vertical 

35 axis of the vaporizer 9. Thus the straight line from the vaporizer 9 centre to any point of sections 1 7 and 20, makes an 
angle with the normal in this point of the respective section of a = 0-1 0°. In particular, the angle a between the straight 
line OA and the normal to the section AB in the point A makes a = 1 0°. The straight line from the vaporizer 9 centre to 
any point of sections 18, 19, 20, 22, 23 and 24, makes an angle with the normal in this point of the respective section 
of 0 = 40-60°. So, the angle between the straight line OC and the normal in point C of the section CD makes p = 40°, 

40 and the angle between the straight line OD and the normal in point D of the section CD makes p = 60°. The lower guide 
rollers 11, forming sections 17 and 21, are provided by herringbone-like grooves 25 on the cylindrical surface (see 
Fig.8). The section of the strip 16 bends around section 17 between rollers 11. The strip tension force F H acts on the 
strip 16 at the section 17 at a rewind of the strip 16. The force F H has the normal F n component and the axial F 0 com- 
ponent directed along the herringbone-like grooves. 

45 [0053] The device works as follows. 

[0054] The vaporizer 9, located in the vacuum chamber (not shown on the diagram) of the device (see Fig 7), gener- 
ates, under the influence of heating (for example, by the electron beam heating), the metal vapour stream, extending 
on the all hemisphere over the vaporizer 9. The strip 1 6 is continuously rewound from the reel-out shaft 1 3 through the 
lower guide rollers 1 1, the upper guide rollers 10 with the deflecting rollers 12, and the rollers 15 to the reel-up shaft 14. 

so The cold strip 16 arrives from the reel-out shaft 1 3 to the deposition zone at section 1 7 between the cooled rollers 1 1 . 
The metal vapour from the vaporizer 9 is condensed at section 1 7 under the condensation angle of 0° to 1 0°; that per- 
mits to receive an adhesion underlayer on the strip. Thus, due to the herringbone-like grooves 25 on the cylindrical sur- 
faces of the lower guide rollers 1 1 , the strip 1 6 is flattened from a middle to edges by F 0 component of the strip tension 
force F H (see Fig.8). Then the strip 16 is cooled on the roller 12 and arrives to the deposition zone on sections 18, 19, 

55 20, where a vapour from the vaporizer 9 is condensed under the condensation angle of 40° to 60°. The highly strong 
layer of the coating is sequentially deposited at these sections with intermediate cooling of the strip 16 on rollers 12 
which prevents an overheating. Further, the strip 16 arrives through the rollers 15 to the zone of coating deposition on 
the other side of the strip 1 6. A trajectory of the strip 1 6 movement in this zone and the sequence of layers applying are 
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analogous to ones described afore. After the cooling on the roller 12 the strip 16 is reeled up on the reel-up shaft 14. 
Claims 

1 . A method of cathode film manufacture, including a step of applying a titanium porous layer on an aluminium film by 
a vacuum deposition, 
characterized in that 

the deposition is provided by means of a titanium electron beam evaporation 

at a continuous movement of the aluminium film above a vaporizer at a distance of 300 to 700 mm and an 
angle of incidence of the vapour stream on the film of 50±10°, 
at a vacuum chamber pressure of 0,01 to 0,5 Pa. 
at a condensation temperature of 300 to 550 °C, 

after that a titanium nitride layer is formed by means of a titanium evaporation in the nitrogen or ammonia 
atmosphere at a pressure of 0,01 -0,5 Pa. 

2. The method of electrolytic condenser cathode film manufacture according to claim 1 , 
20 characterized in that 

the formation of the titanium nitride layer is provided by means of a cathode sputtering of a titanium target in 
the nitrogen or ammonia atmosphere at a pressure of 0,01-1,0 Pa. 

25 3. A device for porous surfaces application on a strip, containing a vacuum chamber, a vaporizer, upper and lower 
guide and deflecting rollers for transportation of the strip, the guide and deflecting rollers being made in the form of 
cooled cylinders and installed above the vaporizer in such a way that the strip bending around the rollers forms a 
polygonal line comprising strip sections between the guide rollers, 
characterized in that 

30 

the strip sections between the upper guide rollers are located above the vaporizer in such a way, that the 
straight line from the vaporizer centre to any point of any of these sections, makes an angle with the normal in 
this point of 40-60°, and 

the strip sections between the lower guide rollers are located above the vaporizer in such a way, that the 
35 straight line connecting the vaporizer centre with any point of any of these sections makes an angle with the 

normal in this point of the section of 0-10°. 

4. The device according to claim 1 , 
characterized in that 



40 



45 



50 



55 



the lower guide rollers are provided by herringbone-like grooves on the rollers cylindrical surface. 

5. A cathode film of an electrolytic condenser, containing a titanium porous layer on an aluminium base, 
characterized in that 

a titanium nitride layer is deposited on it. 

6. The cathode film according to claim 3, 
characterized in that 

titanium porous layer thickness makes 0,5-5,0 mkm, bulges and hollows on crystalline grains and crystalline 
blocks of the titanium porous layer make 0,01 -1 ,0 mkm, and the total porosity makes 25-50 per cent, 
while the titanium nitride layer makes 0,05-3,0 mkm, titanium nitride grains make 0,01-1 ,0 mkm, and the height 
of bulges and hollows on the titanium nitride grains makes 0,005-0,5 mkm. 
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